
Project Introduction

We propose to experimentally demonstrate high precision ranging (<1 um)
and range rate (<1um/s) measurements using RF modulation on a optical
carrier that is conducive to use on a laser communication channel. This is a
continuation and further improvement of last year’s CIF/IRAD “Miniature Laser
Communication with Ranging, Range rate capabilities” which has achieved 20
micron ranging and 10 micron/s range-rate accuracy.

This IRAD will focus on the following methods to achieve higher measurement
accuracies:

1. Improve the instrument signal noise ratio by adopting: an ultra-low phase
noise clock source; low noise active components, and applying different
modulation formats on optical carrier. 2. Improve test equipment sensitivity:
by developing a Dual Mixer Time Difference (DMTD) time/frequency test
apparatus, and developing a clock cleanup phase-locked-loop (PLL) with an
ultra-low phase-noise Oven-Controlled-Crystal-Oscillator (OCXO).

The realization of sub-micron ranging and range rate capability in a small-sat
platform will: Advance the state-of-the-art for optical communication systems
by including the accurate optimetric observations; Enable precision formation
flying missions that include virtual sensors, sensor webs, large-number-multi-
spacecraft distributed mission, autonomous rendezvous & docking; serve as
an enabler for gravitational-based small-sat scientific missions; and provide
the essential building blocks for “Strategy and Implementation Distributed
Spacecraft Missions (DSM)”

Ranging and range rate measurements can be derived from an optical
communication data link clock signal. In any synchronized communication
system, data is always synchronized to a clock signal. The comparison of
receiver and transmitter clocks provides the accurate ranging and range rate
measurements. This system can be configured in either a “one way” or “two
way” mode.

In a the two-way mode, the clock is looped back at the spacecraft and the
measurement is done on the ground station by comparing the received signal
to a high precision transmit clock. This provides very high accurate
measurements since the frequency measurement is conducted against its-own
source.

In the “one way” mode, both transmit and receive spacecraft have their own
precision on-board clock sources. The received clocks are measured against
the on-board high-precision clock. The resulting frequency measurement
provides two outputs: the transmit and receive clock source frequency
difference, and the Doppler shift due to the spacecraft movement. They can be
expressed as:

Space frequency measurement: δfspace = fspace - (fground+δfdoppler)

Ground frequency measurement: δfground = fground - (fspace+δfdoppler)

The Doppler frequency and ground-space clock offset can be calculated as:

The sum of these two frequencies gives Doppler shift

δfspace + δfground = -2δfDoppler
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The Difference of these two frequencies gives ground and space oscillator
frequency offset

δfspace - δfground = -2(fspace - fground )

The frequency offset measurement from “one-way” configuration is extremely
useful for deep-space missions to calibrate the on-board clock source.

The work for this year will focus on improving accuracy to less than 1 micron/s
and 1 micron distance. The prototype instrument will be compatible with a
Cubesat form factor.

Anticipated Benefits

Provide precision optimetric measurement with optical communication links

Provide precision ranging and range rate for science based instrumentation
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